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(54) Three-dimensional ultrasound image processing apparatus and method 



(57) A three-dimensional ultrasound image 
processing apparatus includes three-dimensional probe 
for forming scanning planes successively by ultrasound 
beam scanning to acquire three-dimensional data spec- 
ified by the depth r in the ultrasound beam direction, the 
angle 0 of the ultrasound beam with respect to a scan- 
ning start position in the respective scanning plane and 
the displacement angle tp of the scanning plane; two- 
dimensional coordinate transformation section for trans- 
forming the depth r and the angle 6 for the respective 
scanning plane to two-dimensional coordinates (x, y); 
two two-dimensional memories for sequentially storing 
the two-dimensional data for the respective scanning 
planes with each scanning plane as a unit, in which the 
two-dimensional data is written into an address speci- 
fied by the two-dimensional coordinates (x, y) deter- 



mined by the two-dimensional coordinate transforma- 
tion section; three-dimensional coordinate transforma- 
tion section for calculating three-dimensional coordi- 
nates (X, Y, Z) by transforming the displacement angle 
cp of the scanning plane and the two-dimensional coor- 
dinates (x, y), wherein the two-dimensional coordinate 
x is made to correspond to the three-dimensional coor- 
dinate X; a three-dimensional memory for storing the 
three-dimensional data for each scanning plane, in 
which the two-dimensional coordinates (x, y) and the 
displacement angle <p are respectively written into ad- 
dresses specified by the three-dimensional coordinates 
(X, Y, Z) determined by the three-dimensional coordi- 
nate transformation section; and a display for producing 
a three-dimensional ultrasound image based on the 
three-dimensional data outputted from the three-dimen- 
sional memory. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention £ 

[0001] This invention relates to a three-dimensional 
ultrasound image processing apparatus and a coordi- 
nate transformation method used in the apparatus, and 
more particularly to a three-dimensional ultrasound im- 
age processing apparatus which forms a three-dimen- 
sional ultrasound image based on three-dimensional 
image data obtained by scanning a three-dimensional 
region and a coordinate transformation method used in 
the apparatus. 

Description of the Prior Art 

[0002] Three-dimensional image processing appara- 
tuses include various kinds of apparatuses such as a 
three-dimensional ultrasound image processing appa- 
ratus and a three-dimensional X-ray image processing 
apparatus. A three-dimensional ultrasound image 
processing apparatus has the function of acquiring 
three-dimensional echo data and the function of 
processing thus acquired three-dimensional echo data 
(hereinafter, the 'three-dimensional echo data" is also 
referred to simply as "three-dimensional data"). 
[0003] More specifically, according to the three-di- 
mensional image processing apparatuses, a scanning 
plane (two-dimensional data acquiring region) is formed 
by electronic scanning using an array transducer having 
a plurality of transducer elements, and a three-dimen- 
sional data acquiring region (space) is formed by suc- 
cessively forming numbers of such scanning planes with 
displacing (pivotally swinging or rotating) the array 
transducer. The three-dimensional echo data obtained 
from this three-dimensional data acquiring region is sent 
to a three-dimensional image processing circuit via a 
signal processing circuit. Then, by reconstructing the 
three-dimensional echo data, a three-dimensional ultra- 
sound image for the three-dimensional data acquiring 
region is formed. Such a processing is also performed 
in a three-dimensional X-ray image processing appara- 
tus. 

[0004] Now, in a conventional three-dimensional ul- 
trasound image processing apparatus, each of echo da- 
ta for the three-dimensional echo data acquiring region 
is temporarily stored in a three-dimensional echo data 
memory which has a storage region corresponding to 
the three-dimensional data acquiring region. In this 
case : each of the echo data is represented by the three- 
dimensional polar coordinates in which each data is de- 
fined by the depth r of the data on the ultrasound beam, 
the angle 9 of the ultrasound beam relative to the scan- 
ning start position (beam) in the scanning plane and the 
displacement angle <p of the scanning plane. Therefore, 
when the echo data is to be stored in the three-dimen- 



sional echo data memory, each of echo data is subject- 
ed to a coordinate transformation by which the three- 
dimensional polar coordinates are transformed into the 
three-dimensional orthogonal coordinates (X, Y, Z). In 
other words, each of echo data is stored in an address 
of the memory specified by the three-dimensional or- 
thogonal coordinates, and thus stored echo data will be 
reconstructed to form the three-dimensional image. 
[0005] However, such transformation of the three-di- 
mensional polar coordinates into the three-dimensional 
orthogonal coordinates requires a large amount of arith- 
metic operations, and such an increased operational 
amount causes a problem in that it takes a long time for 
processing the data. In this connection, it is naturally 
preferable to make the time from data acquisition to im- 
age display as short as possible, and if feasible, it is de- 
sired to display the three-dimensional image in realtime. 
In order to resolve such a problem, it may be possible 
Lo reduce the time for arithmetic operations through the 
use of a high speed processor or the like. In such a case, 
however, there arises other problem in that the cost for 
the image processing apparatus is markedly increased. 
[0006] Moreover, in forming such a three-dimensional 
ultrasound image, it is necessary to carry out interpola- 
tion between ultrasound beams (lines) and interpolation 
between scanning planes (frames). However, execution 
of these interpolations for the data for the three-dimen- 
sional coordinate space also requires a large amount of 
arithmetic operations as stated in the above. This also 
makes it difficult to shorten the time for arithmetic oper- 
ations. 

[0007] Further, it is to be noted that the above prob- 
lems are not limited to the case of a three-dimensional 
ultrasound image processing apparatus, and other 
three-dimensional image processing apparatuses also 
involve such problems. 

SUMMARY OF THE INVENTION 

[0008] The present invention has been made in view 
of the problems described above. Therefore, an object 
of the present invention is to provide a three-dimension- 
al image processing apparatus which can perform writ- 
ing of three-dimensional data to a three-dimensional da- 
ta memory in a short time and at a high speed. 
[0009] Another object of the present invention is to 
provide a three-dimensional image processing appara- 
tus which can produce a three-dimensional image 
through a reduced amount of arithmetic operations. 
[0010] Other object of the present invention is to pro- 
vide a three-dimensional image processing apparatus 
which can perform interpolation of three-dimensional 
data in a short time and at a high speed. 
[0011] In order to achieve the above objects, the 
present invention is directed to a three-dimensional ul- 
trasound image processinq apparatus. The apparatus 
comprises: 
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Inf oo -cimonsona I data acquiring means which 
fnrm*. «^-,«-inna, pL-inns successively by ultrasound 
bcn-n ^.jnnmg to acquire three-dimensional data 
lor n i Mr eo dimensional data acquiring region, each 
fir co cmonsonril dati being specified by two di- 5 
mcnsic'vi a An rep' csonicd Dy first and second val- 
ues dchnriq each scanning plane and relative po- 
siticn,ii in ofmriiion of ihc scanning plane with re- 
spect 10 h predetermined scanning plane; 
two d<f "tension*! coordinate transformation means 10 
tor tmrsicfm ng the first and second values for the 
respect rvo scanning plane into two-dimensional da- 
ta represented by two-dimensional coordinates (x, 

y) 

two-dir^cnsKDrvi data storage means for sequen- 15 
tially s:cwnq the two-dimensional data for the re- 
spectrvc scanning plane with one scanning plane 
as a unit m which the two dimensional data for the 
respectrve scanning piano is written into an address 
specified by trie two-dimensional coordinates (x, y) 20 
determined by the two-dimensional coordinate 
transformation moans 

three-dimcnsonal coordinate transformation 
means for transforming the three-dimensional data 
defined by the two-dimensional data represented 2s 
by the two-dimensional coordinates (x, y) and the 
relative positional information of the respective 
scanning plane into three-dimensional data repre- 
sented by throo-dimensional coordinates (X, Y, Z), 
in which the two-dimensional coordinate x is made 30 
to correspond to the three-dimensional coordinate 
X; 

three-dimensional data storage means for storing 
the three-dimensional data for each of the scanning 
planes which is defined by the two-dimensional da- 35 
ta represented by the two-dimensional coordinates 
(x, y) outputted from the two-dimensional data stor- 
age means and the relative positional information 
of each scanning plane, in which the three-dimen- 
sional data for each scanning plane is written into 40 
an address specified by the three-dimensional co- 
ordinates (X. Y. Z) determined by three-dimensional 
coordinate transformation means; and 
three-dimensional ultrasound image producing 
means for producing a three-dimensional ultra- 45 
sound image based on the three-dimensional data 
outputted from the three-dimensional data storage 
means. 

[0012] According to this three-dimensional ultrasound 50 
image processing apparatus, two-dimensional data 
(two-dimensional echo data) defining the respective 
scanning plane aro temporarily written into the two-di- 
mensional data storage means (intermediate storage) 
with each scanning plane as a unit, rather than being 55 
written directly into the three-dimensional data storage 
means. In this case, the address (x, y) to be written is 
generated by performing coordinate transformation in 
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the two-dimensional coordinate transformation means. 
The amount of the arithmetic operations required for the 
coordinate transformation between two-dimensional co- 
ordinate systems such as a coordinate transformation 
from the two-dimensional polar coordinates to the two- 
dimensional orthogonal coordinates is very small in 
comparison with that required for the coordinate trans- 
formation from the three-dimensional polar coordinates 
to the three-dimensional orthogonal coordinates. More- 
over, the coordinate transformation from the two-dimen- 
sional polar coordinates to the two-dimensional orthog- 
onal coordinates can be accomplished utilizing the func- 
tions of an existing scanning converter (for example, 
digital scan converter (DSC)). 

[001 3] Next, the three-dimensional data read out from 
the two-dimensional data storage means are written into 
the three-dimensional data storage means. In this case, 
the address (X, Y, Z) to be written is generated by per- 
forming coordinate transformation in the three-dimen- 
sional coordinate transformation means. In this coordi- 
nate transformation, the three-dimensional coordinates 
(X, Y, Z) are specified based on the two-dimensional co- 
ordinates (x, y) and the relative positional information of 
the scanning plane such as the displacement angle 9 of 
the scanning plane. However, since the two-dimension- 
al coordinate x corresponds to the three-dimensional 
coordinate X (a linear transformation may be involved 
as needed), it can be understood that this coordinate 
transformation is in substance accomplished by a trans- 
formation from two-dimensional coordinate system to 
another two-dimensional coordinate system. The 
amount of the arithmetic operations performed for this 
coordinate transformation is very small in comparison 
with that in the conventional three-dimensional coordi- 
nate transformation by the same reason as mentioned 
in the above. Consequently according to this invention, 
the total amount of the arithmetic operations required 
for the transformation from the three-dimensional polar 
coordinates to the three-dimensional orthogonal coordi- 
nates can be drastically reduced in comparison with that 
required in the conventional case. 
[0014] Furthermore, the present invention may be ap- 
plied to the case where the three-dimensional image for- 
mation function is additionally provided in an existing im- 
age processing apparatus for forming two-dimensional 
images. Namely, since the two-dimensional coordinate 
transformation is also carried out in an existing two-di- 
mensional ultrasound diagnostic apparatus or the like, 
the existing apparatus is equipped with a device for car- 
rying out the two dimensional coordinate transformation 
such as a two-dimensional digital scan converter (DSC). 
Therefore, when the present invention is applied to the 
two-dimensional image processing apparatus to add the 
three-dimensional image formation function thereto, 
there is an advantage that it is possible to share the com- 
ponents for carrying out the coordinate transformation 
by using the device for performing the two dimensional 
coordinate transformation. Such sharing of the existing 



XI D: <EP 0944026A2_L> 



3 



EP 0 944 026 A2 



device will make it possible to reduce the manufacturing 
cost. 

[0015] In the three-dimensional ultrasound image 
processing apparatus of the present invention, it is pre- 
ferred that each of the two-dimensional data def in ing the 
respective scanning plane is written into the two-dimen- 
sional storage means so that the center axis of the re- 
spective scanning plane is in parallel with the y axis of 
the two-dimensional coordinate system. Further, it is al- 
so preferred that the three-dimensional data acquiring 
means includes an array transducer, means for causing 
the array transducer to perform electronic beam scan- 
ning and means for displacing the array transducer piv- 
otally with respect to a virtual rotational axis which is in 
parallel with a line connecting the both ends of the array 
transducer so as to torm numbers of scanning planes. 
[0016] Furthermore, in the three-dimensional ultra- 
sound image processing apparatus of the present in- 
vention, it is also preferred that the three-dimensional 
coordinate transformation means utilizes the x value of 
the two-dimensional coordinates as it is for the X value 
of the three-dimensional coordinates. 
[0017] Moreover, it is also preferred that the two di- 
mensional data represented by first and second values 
defining each scanning plane is represented by polar 
coordinates (r, 6). In this case, it is preferred that the first 
value represents the depth r in the ultrasound beam di- 
rection, and the second value represents the angle 8 of 
the ultrasound beam with respect to a predetermined 
ultrasound beam in the respective scanning plane. 
[0018] Preferably, the relative positional information 
of the respective scanning plane is an angle q> of the 
respective scanning plane with respect to a predeter- 
mined scanning plane. In this case, it is preferred that 
the predetermined scanning plane is a scanning plane 
initially formed. 

[0019] Further, it is also preferred that the predeter- 
mined ultrasound beam in the respective scanning 
plane is an ultrasound beam at a scanning start position 
in the respective scanning plane. 
[0020] Furthermore, it is also preferred that tne re- 
spective scanning plane has a center axis, and each of 
the three-dimensional data is written into the two-dimen- 
sional storage means so that the center axis of the re- 
spective scanning plane is in parallel with the y axis of 
the two-dimensional coordinates (x, y). In this case, it is 
preferred that the three-dimensional data acquiring 
means includes an array transducer having both ends, 
means for causing the array transducer to perform elec- 
tronic beam scanning and means for pivotally displacing 
the array transducer for forming the successive scan- 
ning planes with respect toa virtual rotational axis which 
is in parallel with a line connecting the both ends of the 
array transducer. In this case, the displacement of the 
array transducer may be carried out manually or by an 
array transducer displacement device. 
[0021] Furthermore, it is preferred that the respective 
scanning plane has a center axis, and each of the three- 



dimensional data is written into the two-dimensional 
storage means so that the center axis of the respective 
scanning plane is in parallel with the x axis of the two- 
dimensional coordinates (x, y). In this case, preferably, 

5 the three-dimensional data acquiring means includes an 
array transducer, means for causing the array transduc- 
er to perform electronic beam scanning and means for 
rotating the array transducer with respect to the central 
axis for obtaining the successive scanning planes. 

w [0022] Moreover, it is also preferred that the relative 
positional information of the respective scanning plane 
is an amount of displacement of the respective scanning 
plane with respect to a predetermined scanning plane. 
In this case, preferably, the three-dimensional data ac- 

*s quiring means includes an array transducer, means for 
causing the array transducer to perform electronic beam 
scanning and means for displacing the array transducer 
for forming the successive scanning planes. Further, the 
displacement of the scanning plane may be carried out 

20 manually or by an array transducer displacement de- 
vice. 

[0023] Further, in the present invention, the two di- 
mensional data represented by first and second values 
defining each scanning plane may be represented by 

25 orthogonal coordinates (x\ y') which are different from 
the two-dimensional coordinates (x, y). In this case, the 
first value represents the position of each of the ultra- 
sound beams and the second value represents the 
depth of the sampling point in each ultrasound beam in 

30 the ultrasound beam direction. Further, it is preferred 
that the three-dimensional data acquiring means in- 
cludes an array transducer, means for causing the array 
transducer to perform electronic beam scanning and 
means for displacing the array transducer for forming 

35 the successive scanning planes. The displacement of 
the scanning plane can be carried out manually or by 
an array transducer displacement device. 
[0024] Furthermore, it is preferred that the three-di- 
mensional ultrasound image processing apparatus fur- 

40 ther comprises interpolation means for producing inter- 
polation data that interpolates between adjacent ultra- 
sound beams in the respective scanning plane. Moreo- 
ver, it is also preferred that three-dimensional ultra- 
sound image processing apparatus further comprises 

45 scanning plane interpolation means for producing inter- 
polation data that interpolates between adjacent scan- 
ning planes. In performing an interpolation calculation 
by the beam interpolation means or the scanning plane 
interpolation means described above, the interpolation 

50 processing is performed substantially for the data on the 
two-dimensional coordinate. Therefore, the interpola- 
tion processing for the three-dimensional data can be 
performed in a short time and at a high speed. 
[0025] Another aspect of the present Invention is di- 
ss rected to a three-dimensional ultrasound image 
processing apparatus. The apparatus comprises: 

three-dimensional data acquiring means which 
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forms scanning planes successively by ultrasound 
beam scanning to acquire three-dimensional data 
for a three-dimensional data acquiring region, each 
three-dimensional data being specified by two di- 
mensional data defining each scanning plane and s 
relative positional information of the scanning plane 
with respect to a predetermined scanning plane; 
beam interpolation means for producing interpola- 
tion data that interpolates between adjacent ultra- 
sound beams in each of the respective scanning 10 
planes, whereby forming interpolated two-dimen- 
sional data for each scanning plane; 
a pair of two-dimensional data storage means for 
sequentially storing the interpolated two-dimen- 
sional data for the respective scanning plane with is 
one scanning plane as a unit, respectively; 
frame interpolation means for producing interpola- 
tion data that interpolates between the adjacent 
scanning planes using the data for the adjacent two 
scanning planes which are outputted from the pair 20 
of the two-dimensional data storage means and 
which have been undergone the beam interpola- 
tion, respectively; and 

three-dimensional data storage means for storing 
three-dimensional data comprised of the data for 25 
the interpolated scanning planes and the relative 
positional information of the respective scanning; 
and 

three-dimensional ultrasound image producing 
means for producing a three-dimensional ultra- 30 
sound image based on the three-dimensional data 
outputted from the three-dimensional data storage 
means. 

[0026] The other aspect of the present invention is di- 35 
rected to a coordinate transformation method used in a 
three-dimensional ultrasound image processing appa- 
ratus. The method comprises the steps of: forming num- 
bers of scanning planes successively by ultrasound 
beam scanning to acquire three-dimensional data from 40 
a three-dimensional data acquiring region, each three- 
dimensional data being specified by two dimensional 
data represented by first and second values defining 
each scanning plane and relative positional information 
of the scanning plane with respect to a predetermined 45 
scanning plane; 

transforming the first and second values for the re- 
spective scanning plane into two-dimensional data 
represented by two-dimensional coordinates (x, y); so 
sequentially storing the two-dimensional data for 
the respective scanning plane with one scanning 
plane as a unit, in which the two dimensional data 
for the respective scanning plane is written into an 
address specified by the two-dimensional coordi- ss 
nates (x, y) determined by the two-dimensional co- 
ordinate transformation means; 
transforming the three-dimensional data defined by 
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the two-dimensional data represented by the two- 
dimensional coordinates (x, y) and the relative po- 
sitional information of the respective scanning 
plane into three-dimensional data represented by 
three-dimensional coordinates (X, Y, Z), in which 
the two-dimensional coordinate x is made to corre- 
spond to the three-dimensional coordinate X; 
storing the three-dimensional data for each of the 
scanning planes which is defined by the two-dimen- 
sional data represented by the two-dimensional co- 
ordinates (x, y) outputted from the two-dimensional 
data storage means and the relative positional in- 
formation of each scanning plane, in which the 
three-dimensional data for each scanning plane is 
written into an address specified by the three-di- 
mensional coordinates (X, Y, Z) determined by 
three-dimensional coordinate transformation 
means; and 

producing a three-dimensional ultrasound image 
based on the three-dimensional data outputted 
from the three-dimensional data storage means. 

[0027] Other objects, configurations and advantages 
of this invention will be apparent from the following de- 
scription of the embodiments which is described in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

Fig. 1 is a block diagram which shows an embodi- 
ment of the three-dimensional ultrasound image 
processing apparatus according to the present in- 
vention; 

Figs. 2A, 2B, 2C and 2D are diagrams which illus- 
trate the scanning methods by a three-dimensional 
probe : respectively; 

Fig. 3 is a conceptional view which shows the rela- 
tionship between the storage region (space) of a 
three-dimensional memory and the three-dimen- 
sional data acquiring region; 
Fig. 4 is a conceptional view which shows the con- 
cept of coordinate transformation carried out in the 
three-dimensional memory in the case of the scan- 
ning method shown in Fig. 2A; 
Fig. 5 is a conceptional view which shows the con- 
cept of coordinate transformation carried out in the 
three-dimensional memory in the case of the scan- 
ning method shown in Fig. 2B; and 
Fig. 6 is a circuit diagram which shows an example 
of a circuit configuration of the beam interpolation 
means. 

Fig. 7 is a block diagram which shows a modification 
of the embodiment shown in Fig. 1 . 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] HcrenboioA piclcrrcd embodiments of the 
present invention will be described with relerence to the 
accompanying diawnqs 

[0030] F i q t is a bkx«v diagram which shows an over- 
all structure o* an embodiment of a three-dimensional 
ultrasound image processing apparatus according to 
the present invention In this embodiment, the three-di- 
mensional ultrasound image processing apparatus is an 
ultrasound diagnosic apparatus provided with a three- 
dimensional u ifasound image formation function. 
[0031] In Fig i trc relerence numeral 10 denotes a 
three-dimcnsorvii p ooc which is an ultrasound probe 
for acquiring three dmensonal cata. By this ultrasound 
probe 10. ultrasound beams a- r o transmitted and echoes 
thereof are received lo torm a scanning plane. Namely, 
the scanning plane is formed by performing electronic 
beam scanning with thy ultrasound beams. Further, a 
three-dimen^iofwil echo data acquit ing region is formed 
by displacing the ultrasound probe 10, namely by pivot- 
ally swinging the ultrasound probe 10 as shown in Fig. 
2A or by rotating the ultrasound probe 10 as shown in 
Fig. 2B, to form numbers of scanning planes succes- 
sively. 

[0032] In the scanning methods shown in Fig. 2A and 
Fig. 2B, a sector-shaped scanning plane S is formed, in 
which the depth of tho ultrasound in the beam direction 
is represented by r and the angle of the ultrasound beam 
with respect to tho scanning start position in the scan- 
ning plane S is represented by the angle 6. In other 
words, the scanning plane S is defined by the values of 
r and 6. Namely, the scanning plane S is represented by 
a polar coordinate system. Further, the relative position- 
al information of the scanning plane with respect to a 
predetermined scanning plane S, that is the displace- 
ment angle (angle of pivotal swing or angle of rotation) 
of the scanning plane S is represented by <p. 
[0033] In this embodiment, the three-dimensional 
probe 10 has an array transducer which is constructed 
from a plurality of transducer elements. The array trans- 
ducer is operated electronically to perform scanning 
with ultrasound beams. In this regard, it is to be noted 
that in the present invention other scanning methods 
may be employed in addition to the sector scan de- 
scribed above. Examples of the other scanning methods 
include a convex scan using an array transducer ar- 
ranged in a convex form (shown in Fig. 2C) and a linear 
scan using a linear array transducer (shown in Fig. 2D). 
[0034] Further, as stated in the above, the three-di- 
mensional probe 10 is constructed such that the scan- 
ning plane S formed by the array transducer can be dis- 
placed, that is numbers of scanning planes are formed 
successively, to scan the three-dimensional data acquir- 
ing region. In this embodiment, the displacement of the 
scanning plane S is carried out by mechanically displac- 
ing the array transducer (that is, pivotally swinging or 



rotating the array transducer), and such displacement 
of the array transducer is carried out by a scanning plane 
displacing mechanism 12 provided with a displacement 
angle detection means. One example of such scanning 
s plane displacing mechanism 12 is shown in (JSP No. 
5,460,179. 

[0035] There are known various ways for displacing 
the array transducer to form numbers of scanning 
planes successively. For example, as shown in Fig. 2A, 

10 it is possible to pivotally swing the array transducer of 
the three-dimensional probe 10 with respect to a virtual 
axis which is set so as to be parallel to the line that con- 
nects the both ends of the array transducer. Further, as 
shown in Fig. 2B, it is also possible to rotate the trans- 

15 ducer array of the three-dimensional probe 10 with re- 
spect to the center axis 100 of the scanning plane S 
which vertically passes the apex of the scanning plane 
S. In either case, as a result of the displacement of the 
array transducer, a three-dimensional echo data acquir- 

20 jng region can be formed. 

[0036] In this connection, it is to be noted that in the 
present invention it is also possible to displace or move 
the ultrasound probe 10 in the direction substantially or- 
thogonal to the scanning plane as shown in Fig. 2C and 

25 Fig. 2D to form numbers of scanning planes successive- 
ly, as described later in details. In these cases, the rel- 
ative positional information of the scanning plane with 
respect to a predetermined scanning plane S is deter- 
mined based on an amount of the displacement of the 

30 scanning plane with respect to a predetermined scan- 
ning plane S (that is, distance from a predetermined 
scanning plane S) represented by z. The displacement 
of the ultrasound probe 10 may be done using an ap- 
propriate displacing mechanism as described above. 

35 [0037] In this embodiment, the displacement of the 
scanning plane S is performed mechanically as de- 
scribed above. However, in the present invention, the 
displacement of the scanning plane S (formation of 
numbers of the scanning planes) may be done utilizing 

40 a specific array transducer driven by electronic control, 
such as a two-dimensional array transducer. 
[0038] Further, in the present invention, the three-di- 
mensional probe 10 (array transducer) may be pivotally 
swung (or rotated) or displaced (or moved) manually. In 

45 this case, it is necessary to detect the displacement an- 
gle (pivotally swung angle or rotational angle) of the ar- 
ray transducer using a separate position detection sen- 
sor or attitude detection sensor. 

[0039] The three-dimensional probe 10 is connected 
50 to a transmitter circuit 1 4 and a receiver circuit 1 6 which 
are controlled by a transmission and reception control 
section 18. Under the control of the transmission and 
reception control section 18, a transmission signal is 
supplied to the three-dimensional probe 10 from the 
55 transmitter circuit 1 4. Based on this transmission signal, 
an ultrasound beam is emitted into the three-dimension- 
al region by the three-dimensional probe 10. When an 
ultrasound echo from the three-dimensional region is re- 
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ceived by the three-dimensional probe 10, the received 
signal is inputted into the receiver circuit 1 6 through the 
three-dimensional probe 10. Then, the received signal 
is amplified and phase-detected by an amplifier and a 
phase detection circuit (not shown in the drawings). $ 
[0040] In the transmitter circuit 14, a predetermined 
delay control is performed on the transmission signals 
to be supplied to each transducer element of the three- 
dimensional probe 10, in order to form transmission 
beams as well as carry out transmission focusing. Fur- 
ther, in the receiver circuit 16, a predetermined delay 
control is performed on the reception signals to be out- 
putted from each transducer element of the three-di- 
mensional probe 10, in order to obtain echo signals as 
well as carry out reception focusing. 
[0041 J The transmission and reception control section 
18 is controlled by a control section 20 which supplies 
various kinds of parameters to the transmission/recep- 
tion control section 18. Included among these parame- 
ters is information about the angle 9 of the ultrasound 
beam with respect to the scanning start position in the 
scanning plane S. 

[0042] The scanning plane displacement mechanism 
12 is also controlled by the control section 20. Namely, 
the control section 20 supplies information about the rel- 
ativo positional information of the scanning plane S such 
as the displacement angle (pivotally swung angle or ro- 
tational angle) <p of the scanning plane S to the scanning 
plane displacement mechanism 12. In this connection, 
i! is to be noted that information about the depth r for 
each echo data is included in the reception signal out- 
puttod from the three-dimensional probe 10. The infor- 
mation about the depth r of the echo data is determined 
by the time elapsed from the transmission to the recep- 
tion of the ultrasound beam. 

[0043] In this embodiment, the reception signal (echo 
data) for the respective ultrasound beam outputted from 
the receiver circuit 16 is successively stored in each of 
two line memories 22A, 22B in the form of two-dimen- 
sional data for each ultrasound beam. The echo data in 
the form of two-dimensional data read out from the line 
memories 22A. 22B are then inputted into a line (beam) 
interpolation section 23 in accordance with the time se- 
quence order for interpolation between the adjacent ul- 
trasound beams. 

[0044] The line interpolation section 23 produces vir- 
tual one or a plurality of three-dimensional interpolation 
data (interpolation beams) which interpolate between 
the adjacent two ultrasound beams within the scanning 
plane S. 

[0045] By performing this line interpolation process- 
ing, the number of the ultrasound beams can be appar- 
ently increased, so that it is possible to improve the res- 
olution of the three-dimensional image as described lat- 
er. 

[0046] In this connection, it is to be noted that in the 
present invention it is not always necessary to have two 
line memories. In the case where only one line memory 



is provided, as soon as two-dimensional data for one 
ultrasound beam has been read out from the line mem- 
ory, two-dimensional data for the next ultrasound beam 
is written in the line memory, and then the line interpo- 
lation processing is carried out using the two-dimension- 
al data for the two ultrasound beams. 
[0047] The interpolated two-dimensional data pro- 
duced in the line interpolation section 22 is successively 
stored in one of two-dimensional memories 24A, 24B to 
produce interpolated two-dimensional data for the scan- 
ning plane S. Further, in the other two-dimensional 
memory, two-dimensional data for the next scanning 
plane S based on the interpolated two-dimensional data 
produced in the line interpolation section 22 is then 
stored. The switching between the two-dimensional 
memories 24A, 24B is carried out by means of a switch 
which is controlled by the control section 20. These two- 
dimensional memories are formed into a so-called 
frame memory which can store echo data for one scan- 
ning plane, respectively. 

[0048] The writing and reading out of the two-dimen- 
sional data in and from the two-dimensional memories 
24A, 24B are controlled by a two-dimensional memory 
control section 26. In more details, the two-dimensional 
memory control section 26 carries out controls for writ- 
ing the two-dimensional data for each scanning plane 
which is represented by the r and 9 to a predetermined 
address of the two-dimensional memory represented by 
two-dimensional coordinates (x, y). The two dimension- 
al memory address (x, y) is generated in a two-dimen- 
sional address generator 28. Preferably, the two dimen- 
sional memory addresses determined by the x, y coor- 
dinates correspond to the pixel arrangements in the re- 
spective two-dimensional memory (frame memory). 
[0049] In more details, the two-dimensional memory 
control section 26 is also controlled by the control sec- 
tion 20. The control section 20 also provides information 
concerning the depth r of the ultrasound beam in the 
beam direction and the angle 9 of the ultrasound beam 
with respect to the scanning start position in the scan- 
ning plane to the two-dimensional address generator 
28. Based on the information concerning the r and 9, the 
two-dimensional address generator (two-dimensional 
coordinate transformation means) 28 generates an ad- 
dress (x, y) represented by the two-dimensional coordi- 
nates which corresponds to the r and 9. In other words, 
the two-dimensional address generator 28 calculates 
the two-dimensional coordinate values (x, y) corre- 
sponding to the r and 9 by coordinate-transforming the 
depth r and the angle 9 for each scanning plane. The 
control for writing the two-dimensional data to the two- 
dimensional memories 24A, 24B will be described in de- 
tail later. 

[0050] In this regard, it is also to be noted that in the 
embodiment described above the two-dimensional data 
is written in the two-dimensional memory after being 
subject to the line interpolation processing. However, in 
the present invention, it is also possible to carry out the 
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line interpolation when the two-dimensional data is to 
be read out from the two-dimensional memory. 
[0051] In the following stage of the two-dimensional 
memories 24A, 24B, there is provided a frame interpo- 
lation section 30 for interpolation between the adjacent 
frames. The frame interpolation section 30 includes a 
circuit which generates interpolation data for one or a 
plurality of virtual scanning planes which are interpolat- 
ed between two adjacent scanning planes. In this em- 
bodiment, in order to perform such a frame interpolation 
calculation, the two two-dimensional memories 24A, 
24B described above are provided. In this connection, 
when such a frame interpolation is not performed, it is 
not necessarily required to have two two-dimensional 
memories 24A, 24B, and provision of only one memory 
wilffoe^sufticient. 

fpX)52] j Here, the two-dimensional data after the frame 
' interpolation may be stored again in the two-dimension- 
al memories. Namely, in this embodiment, the line inter- 
polation and the frame interpolation need only be exe- 
cuted prior to the storage to a three-dimensional mem- 
ory 32 in the form of the three-dimensional data, so the 
configuration shown in Fig. 1 should be understood to 
be only one of such examples. 

[0053] In the three-dimensional memory 32, there are 
stored all of the three-dimensional data in the three-di- 
mensional echo data acquiring region. The concept of 
this storage is illustrated in Fig. 3. In Fig. 3, a three-di- 
mensional storage region (space) 102 corresponds to 
the storage region of the three-dimensional memory 32. 
In the storage region of the three-dimensional memory 
32 corresponding to the three-dimensional storage 
space 1 02, there are stored numerous three-dimension- 
al data constituting a three-dimensional data acquiring 
region 104. 

[0054] In this connection, it is to be noted that in the 
conventional method each three-dimensional echo data 
is also stored in the storage region of the three-dimen- 
sional memory. This embodiment is different from the 
conventional method in that the data for the respective 
scanning plane in the form of two-dimensional data has 
been stored in the two-dimensional memory 24 prior to 
the storage to the three-dimensional memory 32 as de- 
scribed above. 

[0055] A three-dimensional memory control section 
34 shown in Fig. 1 is a means for controlling writing and 
reading out of three-dimensional data in and from the 
three-dimensional memory 32. A three-dimensional ad- 
dress generator (three-dimensional coordinate transfor- 
mation means) 36 generates a three-dimensional ad- 
dress specified by orthogonal coordinates (X, Y, Z). 
Each of three-dimensional data is written into a memory 
address specified by the three-dimensional address (X, 
Y, Z). 

[0056] In more details, the three-dimensional memory 
control section 34 is controlled by the control section 20. 
The control section 20 provides the relative positional 
information such as the displacement angle cp (pivotally 



swung angle or rotational angle) of the scanning plane 
(or the amount of the displacement z) to a three-dimen- 
sional address generator 36. The three-dimensional ad- 
dress generator 36 is also supplied with the two-dimen- 

s sional address (x, y) generated in the two-dimensional 
address generator 28. The three-dimensional address 
generator 36 derives the three-dimensional address (X, 
Y, Z) as described above based on the information (val- 
ues) concerning x, y and <p. 

10 [0057] In other words, the three-dimensional address 
generator 36 calculates the three-dimensional coordi- 
nates (X, Y, Z) by transforming the relative positional in- 
formation (displacement angle <p, etc.) of the scanning 
plane S and the two-dimensional data for the respective 

1$ scanning plane S represented by the two-dimensional 
coordinates (x, y). In this embodiment, however, the 
three-dimensional coordinate X corresponds to the two- 
dimensional coordinate x. Accordingly, no coordinate 
transformation is carried out substantially between the 

20 coordinate values x and X. As a result of such a corre- 
sponding relationship between the three-dimensional 
coordinates and the two-dimensional coordinates, 
along with the two-dimensional coordinate transforma- 
tion carried out when the two-dimensional data has 

2s been stored in the two-dimensional memories 24A, 24B, 
it is possible to substantially reduce the amount of arith- 
metic operations required for the transformation of the 
three-dimensional coordinates, as will be described lat- 
er. 

30 [0058] In the embodiment as shown in Fig. 1 , infor- 
mation about the two-dimensional coordinate x is sup- 
plied to the three-dimensional address generator 36 
from the two-dimensional address generator 28. 1 nstead 
of this, the information about x may be supplied to the 

35 three-dimensional address generator 36 as a header 
added to each two-dimensional data. 
[0059] ' A three-dimensional image formation section 
38 is a means for reconstructing a three-dimensional ul- 
trasound image based on the three-dimensional data 

40 stored in the three-dimensional memory 32. In recon- 
struction of the three-dimensional ultrasound image, 
various kinds of known techniques may be applied. 
Then, a three-dimensional image thus obtained is dis- 
played on a display 40. 

45 [0060] Next, referring to Fig. 4 and Fig. 5, the concept 
of the coordinate transformation carried out upon stor- 
age to the three-dimensional memory 32 according to 
this invention will be described, in which Fig. 4 shows a 
concept of the coordinate transformation carried out 

so when the scanning shown in Fig. 2A is performed; and 
Fig. 5 shows a concept of the coordinate transformation 
carried out when the scanning shown in Fig. 2B is per- 
formed, respectively. 

[0061] In Fig. 4, the three-dimensional storage space 
ss 102 corresponds to the storage region in the three-di- 
mensional memory 32 as mentioned above. Each three- 
dimensional data in the three-dimensional data acquir- 
ing region 104 is eventually stored in the storage region 
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of the three-dimensional memory 32. Prior to the stor- 
age of each three-dimensional data in the storage re- 
gion of the three-dimensional memory 32, the data de- 
fining each scanning plane is stored in the two-dimen- 
sional memory 24A or 24B in the form of two-dimension- s 
al data represented by the two-dimensional coordinates 
(x, y) as mentioned above. The storage region of the 
two-dimensional memory 24A or 24B is indicated as a 
two-dimensional storage plane 106 in Fig. 4. 
[0062] In more details, the two-dimensional data for 
each scanning plane S which has been specified by the 
depth r and the angle 9 as shown in two-dimensional 
storage plane 106 in Fig. 4 is undergone the coordinate 
transformation into the two-dimensional coordinates (x, 
y) when the two-dimensional data for the scanning plane 
is stored in the two-dimensional memory as described 
above. Namely, the coordinate transformation from the 
two-dimensional polar coordinate system to the two-di- 
mensional orthogonal coordinate system is carried out. 
In this embodiment; the coordinate transformation is 
carried out such that the center axis 100 of the sector 
shaped scanning plane S is in parallel with the y axis of 
the orthogonal coordinate system (x, y) in the two-di- 
mensional storage plane 106. 

[0063] Further, as shown in Fig. 4, each two-dimen- 
sional storage plane 106 containing the-two dimension- 
al data for the scanning plane S is accompanied with 
the relative positional information such as the displace- 
ment angle cp to form three-dimensional data specifying 
each scanning plane within the three-dimensional 
space. 

[0064] When the three-dimensional data for the scan- 
ning planes S are to be stored in the storage region of 
the three-dimensional memory 32, each of the two-di- 
mensional data stored in the two-dimensional memory 
is read out by raster scan, and then stored together with 
the accompanied relative positional information to the 
corresponding address in the three-dimensional mem- 
ory 32 specified by the orthogonal three-dimensional co- 
ordinates (X, Y, Z) . The address (X, Y, Z) is generated 
in the three-dimensional address generator 36 based on 
the two-dimensional coordinates (x : y) and the relative 
positional information such as the displacement angle 
cp of the scanning plane. 

[0065] In this case, it is to be noted that, as described 
above, X in the three-dimensional space 102 coincides 
with x in the two-dimensional storage plane 1 06. Be- 
cause of such a corresponding relationship, in generat- 
ing the three-dimensional coordinates, only the calcula- 
tion processing for obtaining the three-dimensional co- 
ordinate values Y and Z from the two-dimensional coor- 
dinate value y and the displacement angle 9 is carried 
out. Namely, in this coordinate transformation, it can be 
understood that a two-dimensional coordinate transfor- 
mation from one two-dimensional coordinate system to 
another system is in substance carried out, and hence 
there is no need for carrying out a three-dimensional co- 
ordinate transformation as is done in the conventional 



method. 

[0066] As described above, the two-dimensional echo 
data for the respective scanning plane is written in the 
storage region of the two-dimensional memory with the 
scanning plane as a unit. Moreover, the two-dimension- 
al data for the respective scanning plane which is read 
out from the two-dimensional memory is stored in the 
three-dimensional memory 32 which is determined by 
the three-dimensional orthogonal coordinates (X, Y, Z) 
together with the relative positional information supplied 
from the three-dimensional address generator 36. 
[0067] Specifically, when the two-dimensional data is 
read out from the two-dimensional memory., the raster 
scan is carried out as described above to sequentially 
read out the two-dimensional data in the horizontal di- 
rection (x axis direction) along the vertical direction (y 
axis direction) . By carrying out the raster scan for each 
scanning plane, it Is possible to write the two-dimension- 
al data and the accompanied relative positional informa- 
tion for all of the scanning planes into the corresponding 
addresses (X, Y, Z) determined by three-dimensional 
address generator 36. With this result, the three-dimen- 
sional data constituting the three-dimensional data ac- 
quiring region can be stored in the three-dimensional 
memory 32. 

[0068] Accordingly, although in this embodiment the 
three-dimensional data for the three-dimensional data 
acquiring region are also stored in the three-dimension- 
al memory 32 of Fig. 1 in the same way as in the con- 
ventional method, a coordinate transformation between 
two-dimensional coordinate systems (between two-di- 
mensional polar coordinate system and the two-dimen- 
sional orthogonal coordinate system) is carried out uti- 
lizing the two-dimensional memory 24 prior to the stor- 
age of the three-dimensional data. Because of this, ac- 
cording to this embodiment, it becomes possible to re- 
duce the amount of arithmetic operations required for 
the transformation drastically in comparison with the 
conventional case in which transformation from the 
three-dimensional polar coordinates to the three-dimen- 
sional orthogonal coordinates is carried out at a time. 
[0069] Moreover, if the line interpolation or frame in- 
terpolation is executed following the storage of the 
three-dimensional data in the three-dimensional mem- 
ory as is doe in the conventional method, the amount of 
arithmetic operations required is enormous. In contrast 
to this, according to this embodiment, the line interpola- 
tion is executed in the next stage of the line memories 
22A, 22B, the frame interpolation is executed after stor- 
age of the three-dimensional data in the two-dimension- 
al memories 24A, 24B, and the storage of the three-di- 
mensional data to the three-dimensional memory 32 is 
performed after the frame interpolation, so that there is 
an advantage in that the amount of arithmetic operations 
required for the interpolations can also be drastically re- 
duced. In this connection, it is to be noted that the trans- 
formation from the values y and <p to the values Y and 
Z shown in Fig. 4 can be realized by using y cos<p and 
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y sin<p. 

[0070] In a conventional ultrasound diagnostic appa- 
ratus which displays a two-dimensional tomographic im- 
age or the like, a two-dimensional memory is also em- 
ployed as a frame memory. In that case, the transforma- 
tion from the depth r and the angle 6 to x and y, namely, 
the transformation from the two-dimensional polar coor- 
dinate system to the two-dimensional orthogonal coor- 
dinate system is actually performed. Therefore, the ap- 
paratus according to this embodiment can readily be re- 
alized by utilizing such an existing scanning transforma- 
tion means as it is, and by adding a configuration such 
as the three-dimensional memory 32 in its following 
stage. Accordingly, there is an advantage in that the cost 
for manufacturing the apparatus can be reduced since 
the existing device and components are effectively uti- 
lized 

[0071] Fig. 5 also illustrates the concept of the coor- 
dinates transformation in the case where the scanning 
method shown in Fig. 2B is employed. Although this sys- 
tem adopts the same basic principle as that of the sys- 
tem shown in Fig. 4, in the storage method shown in Fig. 
5. each two-dimensional data defining the scanning 
ptane S is written so that the center axis 100 of the scan- 
ning plane S is in parallel to the x direction in a two- 
dimonsional storage plane 106 A. The coordinate x in the 
storage region corresponding to the two-dimensional 
storage plane 106A coincides with the coordinate X in 
a three-dimensional storage space 102A, and therefore 
a coordinate transformation between them is unneces- 
sary This is similar to the case of the embodiment 
shown in Fig 4. 

[0072] In the storage region of the two-dimensional 
memory corresponding to the two-dimensional storage 
plane 106A. two-dimensional data for the respective 
scanning planes S are stored with each scanning plane 
as a unit When the two-dimensional data is to be stored, 
the two-dimensional coordinates x and y are determined 
by the coordinate transformation from the depth r and 
the angle H Namely, each two-dimensional data is writ- 
ten in the address specified by the two-dimensional co- 
ordinates (x, y) as is the same with the case described 
above. 

[0073] When the two-dimensional data for one scan- 
ning plane S which is stored in the two-dimensional 
memory is to be read out, the raster scan is carried out 
in the horizontal direction (x axis direction) along the ver- 
tical direction (y axis direction) as mentioned above, and 
the read out two-dimensional data for the respective 
scanning planes and the accompanied relative position- 
al information are written into addresses (X, Y, Z) of the 
three-dimensional memory 32 determined by the three- 
dimensional address generator 36. In this process, sim- 
ilar to the embodiment shown in Fig, 4, the calculation 
for obtaining the three-dimensional coordinate values Y 
and Z from the two-dimensional coordinate value y and 
the rotational angle <p of the scanning plane S is carried 
out as a coordinate transformation. In this regard, it is 
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to be noted that the two-dimensional coordinate x cor- 
responds to the three-dimensional coordinate X as men- 
tioned above. 

[0074] As described in the above, even in the case of 
5 the embodiment shown in Fig. 5, it is possible write all 
of the three-dimensional data to the storage region of 
the three-dimensional memory 32 through two times of 
two-dimensional coordinate transformations. Accord- 
ingly, the amount of required arithmetic operations can 
io be reduced substantially as compared with the conven- 
tional method. 

[0075] Although the above description was made 
mainly with reference to the scanning methods shown 
in Figs. 2A and 2B, it is to be understood that the three- 
15 dimensional data formation method of the present in- 
vention as described above with reference to Figs. 3 to 
5 can be applied to the scanning methods shown in Figs. 
2C and 2D. 

[0076] Specifically, Fig. 2C shows a case where 

20 three-dimensional data is acquired by displacing or 
moving the convex array transducer 10 in the direction 
substantially orthogonal to the scanning plane S. In this 
case, the scanning plane S is defined by the two-dimen- 
sional data (the depth r and the angle 0), and the amount 

2S of the displacement of the transducer 10 is defined by 
z. In the same manner as the case shown in Fig. 2A, the 
two-dimensional data (r, 0) is transformed into the two- 
dimensional data represented by the orthogonal two co- 
ordinates (x, Y), and thus transformed two-dimensional 

30 data (x, y) is written into an address (X, Y, Z) of the three- 
dimensional memory generated by the three-dimen- 
sional address generator together with the data indicat- 
ing the amount z of the displacement of the scanning 
plane which is the relative positional information of the 

35 scanning plane. 

[0077] Further, Fig. 2D shows a case where three-di- 
mensional data is acquired by displacing or moving the 
linear array transducer 10 in the direction substantially 
orthogonal to the scanning plane S. In this case, the 

40 scanning plane S is defined by the orthogonal two-di- 
mensional data (x\ y') comprised of the value which rep- 
resents the position of the ultrasound beam and the val- 
ue which represents the depth of the sampling point in 
each ultrasound beam in the ultrasound beam direction. 

45 This orthogonal two-dimensional data (x\ y') is different 
from the orthogonal coordinates (x, y) corresponding to 
the pixel arrangement. In this case, the three-dimen- 
sional data is determined by the orthogonal two-dimen- 
sional data (x\ y') and the amount of the displacement 

50 of the transducer 10 defined by z. In this case, the two- 
dimensional data represented by (x\ y') is also trans- 
formed into the two-dimensional data represented by 
the orthogonal two coordinates (x, Y), and thus trans- 
formed two-dimensional data (x, y) is written into an ad- 

55 dress (X, Y, Z) of the three-dimensional memory gener- 
ated by the three-dimensional address generator to- 
gether with the amount z of the displacement of the 
scanning plane which is the relative positional informa- 
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tion of the scanning plane. 

[0078] Further, although not shown in the drawing, 
this invention can be applied to the scanning method for 
pivotally rotating or swinging the linear array transducer 
as shown in Fig. 2D with respect to an axis which is in 
* parallel the arrangements of the transducer elements of 
the linear array transducer. 

[0079] Fig. 6 shows an example of configuration of the 
frame interpolation section 30 shown in Fig. 1. This 
frame interpolation section 30 is a circuit for generating 
six interpolated scanning planes P1 to P6 between ad- 
jacent two scanning planes ST and S2. As shown in Fig. 
6, a plurality of adders 41 to 47 are connected stepwise, 
and half dividers 51 to 57 are provided in each of the 
following stages of the respective adders 41 to 47. 
[0080] By the provision of such a frame interpolation 
section 30, it is possible to perform interpolation 
processing substantially on the two-dimensional coordi- 
nate plane in the same manner as the conventional ap- 
paratus for producing the two-dimensional tomographic 
image. Moreover, it becomes possible to store the three- 
dimensional data which has been already interpolated 
in the three-dimensional memory 32. 
[0081 ] As described in the above, according to the ap- 
paratus of this embodiment, the rotational axis of the 
scanning plane is set so as to be parallel to the x axis 
direction on the two-dimensional storage plane 1 06, and 
the x axis is made to coincide with the X axis in the three- 
dimensional storage space. Accordingly, transformation 
from the three-dimensional polar coordinates to the 
three-dimensional orthogonal coordinates Can be ac- 
complished by utilizing two times of two-dimensional co- 
ordinate transformations. With this result, it is possible 
to reduce the amount of arithmetic operations in com- 
parison with the conventional apparatus, and as a result, 
achieve a rapid image processing. In other words, ac- 
cording to the three-dimensional ultrasound image 
processing apparatus of this embodiment, it is possible 
to perform the writing of three-dimensional data to the 
three-dimensional memory in a short time. In addition, 
according to this embodiment, the three-dimensional in- 
terpolation can also be performed in a short time. 
[0082] Next, Fig. 7 is a block diagram which shows a 
modification of the embodiment shown in Fig. 1 , in which 
a two-dimensional array transducer provided with two- 
dimensionally arranged transducer elements is used in 
the three-dimensional probe 110. When such a two-di- 
mensional array transducer is used in the three-dimen- 
sional probe 110, it is possible to obtain two (or more) 
ultrasound echoes from a three-dimensional region by 
one transmission of an ultrasound beam to the three- 
dimensional region. When the two ultrasound beams 
are received by the three-dimensional probe 110, the 
reception signals (echo signals) corresponding to the 
two ultrasound beams are inputted into the receiver cir- 
cuits 116A, 116B, respectively. 

[0083] The reception signal outputted from the receiv- 
er circuit 1 1 6 A is stored in the line memories 1 22A, 1 22B 



in the form of two-dimensional data for one ultrasound 
beam, respectively. Similarly, the reception signals out- 
putted from the receiver circuit 116B are stored in the 
line memories 122C, 122D in the form of two-dimension- 

5 al data for one ultrasound beam, respectively. The two- 
dimensional data read out from the line memories 122 A, 
122B are inputted into the line interpolation section 
123A and the two-dimensional data read out from the 
line memories 122C, 122D are inputted into the line in- 

io terpolalion section 123B, respectively, in accordance 
with the time sequential order. In the line interpolation 
sections 123A, 123B, two-dimensional interpolation da- 
ta (interpolation beam) for interpolating between the ad- 
jacent beams in the scanning plane are produced. 

75 [0084] Thus produced two-dimensional interpolation 
data is stored in each of the two-dimensional memories 
124A, 124B with the respective scanning plane as a unit. 
The two-dimensional data stored in the memories 1 24A, 
124Bare data for the adjacent two scanning planes. The 

20 writing and reading out of the data in and from the two- 
dimensional memories 124A, 124B are controlled by a 
two-dimensional memory control section (not shown in 
the drawing). 

[0085] The two-dimensional data for the two adjacent 

25 scanning planes are inputted into the frame interpolation 
section 130. In this frame interpolation section 130, in- 
terpolation data for one or a plurality of virtual scanning 
planes are produced by the interpolation calculation, 
thereby interpolation between the adjacent two scan- 

30 ning planes is performed. Then, the three-dimensional 
data for the three-dimensional data acquiring region are 
stored in the three-dimensional memory 1 32 in the same 
manner as the embodiments described with reference 
to the block diagram shown in Fig. 1 . 

35 [0086] In the above, a description was made with re- 
gard to the case where two receiver circuits are provid- 
ed. However, the number of the receiver circuits are not 
limited two, and more receiver circuits may be provided 
taking the number of received ultrasound beams obtain- 

40 able by one ultrasound beam transmission into account. 
[0087] Finally, it is to be noted that the embodiments 
described above are only examples of the three-dimen- 
sional ultrasound image processing apparatus accord- 
ing to this invention, and hence it goes without saying 

45 that the scope of this invention is not limited to these 
embodiments. For example, this invention can be ap- 
plied to sonars, radars and flaw detectors and the like. 
Therefore, the scope of this invention will be decided 
based on the accompanying claims. 

so 

Claims 

1. A three-dimensional ultrasound image processing 
55 apparatus, which comprises: 

three-dimensional data acquiring means which 
forms scanning planes successively by ultra- 
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sound beam scanning to acquire three-dimen- 
sional data for a three-dimensional data acquir- 
ing region, each three-dimensional data being 
specified by two dimensional data represented 
by first and second values defining each scan- s 
ning plane and relative positional information of 
the scanning plane with respect to a predeter- 
mined scanning plane; 

two-dimensional coordinate transformation 
means for transforming the first and second val- 1 o 
ues for the respective scanning plane into two- 
dimensional data represented by two-dimen- 
sional coordinates (x, y); 
two-dimensional data storage means for se- 
quentially storing the two-dimensional data for is 
the respective scanning plane with one scan- 
ning plane as a unit, in which the two dimen- 
sional data for the respective scanning plane is 
written into an address specified by the two-di- 
mensional coordinates (x, y) determined by the 20 
two-dimensional coordinate transformation 
means; 

three-dimensional coordinate transformation 
means for transforming the three-dimensional 
data defined by the two-dimensional data rep- 25 
resented by the two-dimensional coordinates 
(x, y) and the relative positional information of 
the respective scanning plane into three-di- 
mensional data represented by three-dimen- 
sional coordinates (X, Y, Z), in which the two- 30 
dimensional coordinate x is made to corre- 
spond to the three-dimensional coordinate X; 
three-dimensional data storage means for stor- 
ing the three-dimensional data for each of the 
scanning planes which is defined by the two- 35 
dimensional data represented by the two-di- 
mensional coordinates (x, y) outputted from the 
two-dimensional data storage means and the 
relative positional information of each scanning 
plane, in which the three-dimensional data for 40 
each scanning plane is written into an address 
specified by the three-dimensional coordinates 
(X, Y, Z) determined by three-dimensional co- 
ordinate transformation means; and 
three-dimensional ultrasound image producing 45 
means for producing a three-dimensional ultra- 
sound image based on the three-dimensional 
data outputted from the three-dimensional data 
storage means. 

so 

2. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 1 , wherein the 
three-dimensional coordinate transformation 
means utilizes the x value of the two-dimensional 
coordinates as it is for the X value of the three-di- ss 
mensional coordinates. 

3. The three-dimensional ultrasound image process- 



026 A2 




ing apparatus as claimed in claim t , wherein the two 
dimensional data represented by first and second 
values defining each scanning plane is represented 
by polar coordinates (r, 0). 

4. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 3, wherein the first 
value represents the depth r in the ultrasound beam 
direction, and the second value represents the an- 
gle 0 of the ultrasound beam with respect to a pre- 
determined ultrasound beam in the respective 
scanning plane. 

5. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 4, wherein the rel- 
ative positional information of the respective scan- 
ning plane is an angle cp of the respective scanning 
plane with respect to a predetermined scanning 
plane. 

6. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 5, wherein the 
predetermined scanning plane is a scanning plane 
initially formed. 

7. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 4, wherein the 
predetermined ultrasound beam in the respective 
scanning plane is an ultrasound beam at a scanning 
start position in the respective scanning plane. 

8. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 4, wherein the re- 
spective scanning plane has a center axis, and 
each of the three-dimensional data is written into 
the two-dimensional storage means so that the 
center axis of the respective scanning plane is in 
parallel with the y axis of the two-dimensional coor- 
dinates (x, y). 

9. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 8, wherein the 
three-dimensional data acquiring means includes 
an array transducer having both ends, means for 
causing the array transducer to perform electronic 
beam scanning and means for pivotally displacing 
the array transducer for forming the successive 
scanning planes with respect to a virtual rotational 
axis which is in parallel with a line connecting the 
both ends of the array transducer. 

10. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 9, wherein the dis- 
placement of the array transducer is carried out 
manually or by an array transducer displacement 
device. 

11. The three-dimensional ultrasound image process- 
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ing apparatus as claimed in claim 4, wherein the re- 
spective scanning plane has a center axis, and 
each of the three-dimensional data is written into 
the two-dimensional storage means so that the 
center axis of the respective scanning plane is in 
parallel with the x axis of the two-dimensional coor- 
dinates (x, y). 

12. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 11, wherein the 
three-dimensional data acquiring means includes 
an array transducer, means for causing the array 
transducer to perform electronic beam scanning 
and means for rotating the array transducer with re- 
spect to the central axis for obtaining the successive 
scanning planes. 

13. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 4, wherein the rel- 
ative positional information of the respective scan- 
ning plane is an amount of displacement of the re- 
spective scanning plane with respect to a predeter- 
mined scanning plane. 

14. The three-dimensional ultrasound imago process- 
ing apparatus as claimed in claim 13, wherein the 
predetermined scanning plane is a scanning plane 
initially formed. 

15. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 13, wherein the 
predetermined ultrasound beam in the respective 
scanning plane is an ultrasound beam at a scanning 
start position in the respective scanning plane. 

16. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 13, wherein the 
three-dimensional data acquiring means includes 
an array transducer, means for causing the array 
transducer to perform electronic beam scanning 
and means for displacing the array transducer for 
forming the successive scanning planes. 

17. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 13, wherein the 
displacement of the scanning plane is carried out 
manually or by an array transducer displacement 
device. 

18. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 1 . wherein the two 
dimensional data represented by first and second 
values defining each scanning plane is represented 
by orthogonal coordinates (x\ y') which are different 
from the two-dimensional coordinates (x, y). 

19. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 18, wherein the 



first value represents the position of each of the ul- 
trasound beams and the second value represents 
the depth of the sampling point in each ultrasound 
beam in the ultrasound beam direction. 

5 

20. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 18, wherein the 
relative positional information of the respective 
scanning plane is an angle <p of the respective scan- 

io ning plane with respect to a predetermined scan- 
ning plane. 

21. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 20, wherein the 

is predetermined scanning plane is a scanning plane 
initially formed. 

22. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 20, wherein the 

20 three-dimensional data acquiring means includes 
an array transducer having both ends, means for 
causing the array transducer to perform electronic 
beam scanning and means for pivotally displacing 
the array transducer for forming the successive 
25 scanning planes with respect to a virtual rotational 
axis which is in parallel with a line connecting the 
both ends ol the array transducer. 

23. The three-dimensional ultrasound image process- 
30 ing apparatus as claimed in claim 22, wherein the 

displacement of the array transducer is carried out 
manually or by an array transducer displacement 
device. 

35 24. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 18, wherein the 
relative positional information of the respective 
scanning plane is an amount of displacement of the 
respective scanning plane with respect to a prede- 

40 termined scanning plane. 

25. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 24, wherein the 
predetermined scanning plane is a scanning plane 

45 initially formed. 

26. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 24, wherein the 
three-dimensional data acquiring means includes 

50 an array transducer, means for causing the array 
transducer to perform electronic beam scanning 
and means for displacing the array transducer for 
forming the successive scanning planes. 

55 27. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 26, wherein the 
displacement of the scanning plane is carried out 
manually or by an array transducer displacement 



23. 

30 



10 



20 



25 



)CID: <EP 0944O26A2J_> 



13 



25 EP 0 944 026 A2 



device. 

28. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 1, further com- 
prising interpolation means for producing interpola- s 
tion data that interpolates between adjacent ultra- 
sound beams in the respective scanning plane. 

29. The three-dimensional ultrasound image process- 
ing apparatus as claimed in claim 1, further com- 10 
prising scanning plane interpolation means for pro- 
ducing interpolation data that interpolates between 
adjacent scanning planes. 

30. A three-dimensional ultrasound image processing, is 
which comprises: 

three-dimensional data acquiring means which 
forms scanning planes successively by ultra- 
sound beam scanning to acquire three-dimen- 20 
sional data for a three-dimensional data acquir- 
ing region, each three-dimensional data being 
specified by two dimensional data defining 
each scanning plane and relative positional in- 
formation of the scanning plane with respect to 25 
a predetermined scanning plane; 
beam interpolation means for producing inter- 
polation data that interpolates between adja- 
cent ultrasound beams in each of the respec- 
tive scanning planes, whereby forming interpo- 30 
lated two-dimensional data for each scanning 
plane; 

a pair of two-dimensional data storage means 
for sequentially storing the interpolated two-di- 
mensional data for the respective scanning 35 
plane with one scanning plane as a unit, re- 
spectively; 

frame interpolation means for producing inter- 
polation data that interpolates between the ad- 
jacent scanning planes using the data for the 40 
adjacent two scanning planes which are output- 
ted from the pair of the two-dimensional data 
storage means and which have been under- 
gone the beam interpolation, respectively; and 
three-dimensional data storage means for stor- 45 
ing three-dimensional data comprised of the 
data for the interpolated scanning planes and 
the relative positional information of the respec- 
tive scanning; and 

three-dimensional ultrasound image producing so 
means for producing a three-dimensional ultra- 
sound image based on the three-dimensional 
data outputted from the three-dimensional data 
storage means. 

55 

31. A coordinate transformation method used in a 
three-dimensional ultrasound image processing 
apparatus, which comprises the steps of: 



forming numbers of scanning planes succes- 
sively by ultrasound beam scanning to acquire 
three-dimensional data from a three-dimen- 
sional data acquiring region, each three-dimen- 
sional data being specified by two dimensional 
data represented by first and second values de- 
fining each scanning plane and relative posi- 
tional information of the scanning plane with re- 
spect to a predetermined scanning plane; 
transforming the first and second values for the 
respective scanning plane into two-dimension- 
al data represented by two-dimensional coordi- 
nates (x, y); 

sequentially storing the two-dimensional data 
for the respective scanning plane with one 
scanning plane as a unit, in which the two di- 
mensional data for the respective scanning 
plane is written into an address specified by the 
two-dimensional coordinates (x, y) determined 
by the two-dimensional coordinate transforma- 
tion means; 

transforming the three-dimensional data de- 
fined by the two-dimensional data represented 
by the two-dimensional coordinates (x, y) and 
the relative positional information of the respec- 
tive scanning plane into three-dimensional data 
represented by three-dimensional coordinates 
(X, Y, Z), in which the two-dimensional coordi- 
nate x is made to correspond to the three-di- 
mensional coordinate X; 
storing the three-dimensional data for each of 
the scanning planes which is defined by the 
two-dimensional data represented by the two- 
dimensional coordinates (x, y) outputted from 
the two-dimensional data storage means and 
the relative positional information of each scan- 
ning plane, in which the three-dimensional data 
for each scanning plane is written into an ad- 
dress specified by the three-dimensional coor- 
dinates (X, Y, Z) determined by three-dimen- 
sional coordinate transformation means; and 
producing a three-dimensional ultrasound im- 
age based on the three-dimensional data out- 
putted from the three-dimensional data storage 
means. 
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(57) A three-dimensional ultrasound image 
processing apparatus includes three-dimensional probe 
for forming scanning planes successively by ultrasound 
beam scanning to acquire three-dimensional data spec- 
ified by the depth r in the ultrasound beam direction, the 
angle 6 of the ultrasound beam with respect to a scan- 
ning start position in the respective scanning plane and 
the displacement angle (p of the scanning plane; two- 
dimensional coordinate transformation section for trans- 
forming the depth r and the angle e for the respective 
scanning plane to two-dimensional coordinates (x, y); 
two two-dimensional memories for sequentially storing 
the two-dimensional data for the respective scanning 
planes with each scanning plane as a unit, in which the 
two-dimensional data is written into an address speci- 
fied by the two-dimensional coordinates (x, y) deter- 
mined by the two-dimensional coordinate transforma- 



tion section; three-dimensional coordinate transforma- 
tion section for calculating three-dimensional coordi- 
nates (X, Y, Z) by transforming the displacement angle 
<p of the scanning plane and the two-dimensional coor- 
dinates (x, y) : wherein the two-dimensional coordinate 
x is made to correspond to the three-dimensional coor- 
dinate X; a three-dimensional memory for storing the 
three-dimensional data for each scanning plane, in 
which the two-dimensional coordinates (x, y) and the 
displacement angle <p are respectively written into ad- 
dresses specified by the three-dimensional coordinates 
(X, Y, Z) determined by the three-dimensional coordi- 
nate transformation section; and a display for producing 
a three-dimensional ultrasound image based on the 
three-dimensional data outputted from the three-dimen- 
sional memory. 



CO 

< 

CO 
CM 

o 

o> 
o 

CL 
LU 



Printed by Jouve, 75001 PARIS (FR) 



X2ID: <EP 0944026A3_I_> 



EP 0 944 026 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 10 5791 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



Y 
X 

Y 
A 



TONG S ET AL: "A three-dimensional 
ultrasound prostate imaging system" 
ULTRASOUND IN MEDICINE AND BIOLOGY, 1996, 
ELSEVIER, USA, 

vol. 22, no- 6, pages 735-746, 

XP001152522 

ISSN: 0301-5629 

* page 738 * 

* page 743-745; figures 2,6 * 

WO 96 00402 A (LONDON HEALTH ASS ; FENSTER 
AARON (CA); MILLER JOHN (CA); DOWNEY DO) 
4 January 1996 (1996-01-04) 

* page 12-16; figures 10,16-20 * 

US 5 546 807 A (B LAKER DAVID M ET AL) 
20 August 1996 (1996-08-20) 

* abstract * 

* column 9, line 20-45; figures 10-12 * 

FENSTER A ET AL: "3-D ULTRASOUND IMAGING: 
A REVIEW" 

IEEE ENGINEERING IN MEDICINE AND BIOLOGY 
MAGAZINE, IEEE INC. NEW YORK, US, 
vol. 15, no. 6, 

1 November 1996 (1996-11-01), pages 41-51, 

XP000638027 

ISSN: 0739-5175 

* page 45; figures 2-4 * 

US 5 396 890 A (WENG LEE) 
14 March 1995 (1995-03-14) 

* column 6, line 48 - column 9, line 10; 
figures 1-3 * 



The present search report has been drawn up for all claims 



1-5, 

7-10,30, 
31 



30 

1-5,31 
30 

1-29 
1-31 



G06T17/O0 
G06T11/00 
G01S15/89 
G01S7/52 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



G06T 
G01S 



1-31 



Place of search 

MUNICH 



Oale oi completion ot the search 

20 May 2003 



Examiner 

Meinl , W 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document ct the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited tor other reasons 

& : member of the same patent family, corresponding 
document 



XDCID: <EP 0944026A3J_> 



EP 0 944 026 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 10 5791 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



EP 0 809 119 A (ALOKA CO LTD) 

26 November 1997 (1997-11-26) 

* column 9, line 13 - column 10, line 60; 

figures 9-11 * 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



The present search report has been drawn up for all claims 



Place of search 

MUNICH 



Oate of completion of the search 

20 May 2003 



Examiner 

Meinl , W 



CATEGORY OF CITED DOCUMENTS 

X . particularly relevant # taken alone 

Y : particularly relevant t combined with another 

document of the same category 
A : technological background 
O : non-written dis closure 
P : intermediate document 



T : theory or principle underiyhg the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : m ember of the same patent family, corresponding 
document 



XJID: <EP 0944026A3_L> 



3 



EP 0 944 026 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 10 5791 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

20-05-2003 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



W0 9600402 



04-01-1996 



W0 
AU 
GB 
US 
US 
US 
US 
US 



9600402 Al 
7117894 A 
2308661 
5964707 
5454371 
6461298 81 
5562095 A 
5842473 A 



A 
A 
A 



,B 



US 5546807 



20-08-1996 



W0 9745724 Al 

EP 1012596 Al 

US 6126600 A 

JP 2001515373 T 



US 5396890 
EP 0809119 



A 
A 



14-03-1995 NONE 



26-11-1997 



JP 
JP 
JP 
JP 
EP 
US 



82 
A 



3015727 
9308630 
3015728 B2 
9308631 A 
0809119 A2 
5911691 A 



5 



04-01-1996 
19-01-1996 

02- 07-1997 
12-10-1999 

03- 10-1995 
08-10-2002 
08-10-1996 
01-12-1998 



04-12-1997 
28-06-2000 
03-10-2000 
18-09-2001 



06-03-2000 
02-12-1997 
06-03-2000 
02-12-1997 
26-11-1997 
15-06-1999 



Sj For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



>OCID: <EP 0944026A3_I_> 



4 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



